It is known that survivors of acute and catastrophic neurological problems often require prolonged mechanical ventilation and consume considerable hospital resources. Endotracheal intubation and controlled ventilation are often instituted early to ensure an adequate airway and tissue oxygenation, prevent hypercarbia and acidosis, and where appropriate, to utilize hyperventilation to control raised intracranial pressure (ICP). Pulmonary infection is a common complication in this group of patients 1,2 as a result of their inability to clear secretions, poor cough reflex and prolonged endotracheal intubation. This in turn prolongs the period of ventilator dependency and intensive care unit (ICU) stay.
It was our impression that in this group of patients, a failed trial of endotracheal extubation commonly occurred, despite satisfying conventional criteria for weaning from mechanical ventilation. A retrospective study was thus undertaken to determine its incidence and aetiology in our ICU and to define the role of tracheostomy in this group of patients.
PATIENTS AND METHODS
A retrospective chart review was performed on all patients admitted to the neurosurgical ICU in our hospital from May 1, 1995 to August 31, 1995, who required mechanical ventilation for more than 48 hours.
Each patient's casenote was reviewed for the following information: admission diagnosis, Glasgow Coma Scale (GCS) score on admission and discharge from the neurosurgical ICU, duration of mechanical ventilation prior to extubation or tracheostomy as well as post-tracheostomy, ICU and hospital length of stay, incidence of ventilator-associated pneumonia, reasons for failed extubation, indications for and perioperative complications of tracheostomy.
Statistical analyses for continuous variables were performed with Student's t test, and for discrete variables with the chi-squared test, with a P value <0.05 considered statistically significant. Data are presented as mean ±SD. In our study, elective tracheostomy for selected patients with poor GCS scores and nosocomial pneumonia has resulted in shortened ICU length of stay and rapid weaning from ventilatory support.
RESULTS
In the four-month study period, 91 of 431 patients (21%) admitted to the unit required mechanical ventilation for more than 48 hours. Table 1 shows the admission diagnoses of these 91 patients. Forty-two patients died while still on mechanical ventilatory support (mortality rate 9.7%). Of the 49 survivors, there were 30 male and 19 female patients with a mean age of 46.3 years (range 7 to 75 years). Group I comprised 32 patients who were successfully extubated. There were nine patients in Group II who underwent tracheostomy after one or more failed attempts at endotracheal extubation and eight patients in Group III who were electively tracheostomized. There was no age difference demonstrated between all three groups.
Weaning from mechanical ventilation in patients who survived their illnesses were instituted only after they achieved stable neurologic status and/or normal brain compliance as determined by invasive ICP monitoring or serial computerized tomographic scans. The rate of weaning was moderated against any change in brain compliance arising from normalization of partial pressure of arterial carbon dioxide (P a CO 2 ). A synchronized intermittent mandatory ventilation (SIMV) or pressure support (PS) weaning regimen was practised, depending on the preference of individual attending physicians in the ICU during the period of study. Objective criteria used for extubation included the following: respiratory rate <25/min; tidal volume >5ml/kg; inspiratory force <-25 cm H 2 O, PaO 2 >60 mmHg on FiO 2 <0.35 and respiratory rate: tidal volume ratio <105. All patients in Group I and II (n=41) fulfilled the criteria for extubation but nine patients (Group II) had to be reintubated. Reasons for failed extubation in seven patients were respiratory distress and airway obstruction from upper airway muscle laxity and retained tracheal secretions. There were two patients requiring reintubation for deterioration from nonrespiratory pathology due to acute pancreatitis with septicaemic shock and recurrence of subarachnoid haemorrhage respectively. The mean time to reintubation was 13.1 hours (range 1 to 43 hours).
When patients who succeeded or failed extubation were compared (Table 2) , there were no significant differences in age (46.9 versus 49.5 years) or duration of ventilation. There was an increased likelihood for patients with poorer GCS scores to require reintubation although this did not reach statistical significance. Ventilator-associated pneumonia was an important variable determining the likelihood of successful extubation, and occurred in 100% of patients in Group II compared with 35% of patients in Group I.
Seven out of eight patients in Group III did not satisfy the criteria for extubation. In addition, all these patients had poor GCS scores with underlying pneumonia and hence underwent elective tracheostomy. When patients who failed extubation were compared against those who underwent elective tracheostomy (Table 3) , it was clear that the latter group was associated with poorer neurologic status (as exemplified by poorer GCS scores) and longer hospital length of stay. However by comparison, they were associated with a statistically significant reduction in ICU length of stay, indicating the efficacy of tracheostomy in shortening ventilator dependency. Indeed, 14 out of all 17 patients (82.3%) who were tracheostomized were weaned off the ventilator within 48 hours. Two of the three patients ventilated beyond 48 hours post-tracheostomy required respiratory support for the management of pancreatitis and subarachnoid haemorrhage respectively. There were no operative complications associated with tracheostomy, but one patient had a slipped tracheostomy tube in the ICU which did not result in any significant morbidity. 
DISCUSSION
In this study, the incidence of reintubation was found to be 22% (9 of 41) despite patients meeting conventional weaning criteria 3, 4 . Active pneumonia with tracheal secretions and poor GCS scores were found to be important predictors of the likelihood of failed extubation. Patients who underwent tracheostomy had more severe neurologic disabilities, longer periods of intubation and greater difficulties with control of airway secretions. These factors have been shown to contribute to an increased incidence of airway colonization with nosocomial pathogens 5, 6 .
Many critical care experts consider tracheostomy to be the most effective airway for the removal of respiratory secretions 7 . Although this view has not been confirmed by objective evidence, surveys of critical care nurses demonstrate that 90% of responders agree with this impression 8 . In our study, seven out of nine patients who required reintubation had obstruction from upper airway musculature laxity and tracheal secretions. They could also be weaned off mechanical ventilation within 48 hours of tracheostomy.
Although this benefit may not be as important in patients with intact neurologic function, airway suppuration with copious secretions warrants tracheostomy to prevent airway obstruction and ventilatory compromise in neurologically obtunded patients.
Turbulent airflow, inspissated secretions, extrinsic tube compression and tube angulations through the upper airway contribute to limitations of airflow that can handicap weaning efforts in patients with marginal pulmonary function intubated through the translaryngeal route. Tracheostomy tubes may minimize these problems because of their shorter length, more rigid construction and removable inner cannulae. Occasional reviews have also suggested that tracheostomy tubes enhance weaning by decreasing the deadspace volume compared with translaryngeal tubes 9 . Other purported advantages of tracheostomy over translaryngeal intubation include improved patient comfort, mobility and oral hygiene 10 .
The timing of tracheostomy has long been debated in the surgical literature [10] [11] [12] . Much of the debate has centred on the risks associated with delayed subglottic stenosis and tracheomalacia in prolonged endotracheal intubation versus complications associated with tracheostomy. Unfortunately, no clear consensus exists about how these various factors should be weighed 13 . In a prospective study of 200 intubated patients, Whited 14 found a 6% incidence of transient laryngeal injury in patients intubated for two to five days. Patients intubated for six to ten days had a 5% incidence of chronic irreversible laryngeal stenosis. Patients intubated for 11 to 24 days had a 12% incidence of extensive laryngeal stenosis. Our low incidence of procedure-related morbidity supports the conclusion that tracheostomy can be performed with minimal morbidity in the critically ill [15] [16] [17] [18] .
Early application of elective tracheostomy raises concerns regarding subjecting patients with a potential for rapid neurologic recovery to an unnecessary procedure. In this study, although the majority of patients required ventilation for less than 48 hours after tracheostomy, all required long-term airway protection, access for endotracheal suctioning and hyperinflation therapy. These considerations have allowed us to formulate guidelines for the selection of elective tracheostomy in neurosurgical patients, although we individualize the decision in every instance.
In general, translaryngeal intubation is maintained in the initial five to seven days during which the patients' response to treatment of their neurological condition is assessed. In survivors with rapid neurologic recovery and anticipated recovery of spontaneous ventilation within 24 to 72 hours, tracheostomy is not indicated. If at day 7, the patient clearly requires mechanical ventilation beyond another three to five days, an elective tracheostomy is performed provided that there is no contraindication. Besides conventional weaning criteria, other important considerations favoring an elective tracheostomy are a poor GCS score (<8) and the presence of ventilatorassociated pneumonia with tenacious tracheal secretions. If the patient's immediate prognosis is extremely guarded, tracheostomy is not offered, regardless of the duration of ventilation. Conversely, if the patient has a poor long-term prognosis for meaningful recovery but is likely to survive the acute course, an early tracheostomy is performed to simplify care and accelerate transfer to a general ward.
In conclusion, elective tracheostomy when performed on selected neurosurgical patients was shown to be beneficial in terms of shortened ICU length of stay and a more rapid weaning from mechanical ventilation, thus contributing to reduced hospital cost.
